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1 on eastern farms, which has been much encou r- 
aged in recent years, ha s been confined very largely 
lo two methods, spray irrigation and subi rriga t ion. 
Both systems a re expensive, and subi rriga t ion sel- 
dom is sa tisfaelory except under peculiar soi I con- 
ditions. This bulletin explains the methods of 
surface irrigation, w hich a re simpler and less ex- 
pensive than either the spray or the subi rriga t ion 
method and may he adapted to eastern fa rms. 

The i n forma tion should be helpful to farmers 
who have been discouraged from undertaking irri- 
gation by the high cost of spray and subsurface 
methods, in spi te of their belief that i I would resul t 
in ma terial increases in their crop yields. 
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ha.-tern Stale- where coud it ion- justify I art iiicial appliea- 
lion < > I' wntcr to irrow 1 m: crop-. The.-e are known as the >\>vn\\ the 
siilurrieal ion. and t he surface met hods. 

By the first mei hod water is a | > ] > 1 uh I to cr< >] in t he form of a line 
spray. It is adaptable to any topography or type of -oil. The 
water is supplied under pressure, whieh i> prodded bv an individual 
pumping plant unless city mains are tapped. The dist rihnt ion svs- 
t em of the mo-t eommon t y j >e of sprav plant co-ts from S 1 to S:_\~>0 
a n a ere. The main pi | >e line ru nn i mr I'rom t he water source to t he 
held, together with t he pumpine; plant or connect em to a supplv 
main. involves addit ional expense. The type of system just referred 
to for .""> to lu acre units, pumping from we! Is or streams to adjacent 
land-., calls for initial expend it nre- ranirine- from S-JOO to s:;d() 
an acre, and somet imes more. Thus the erop which will justify 
irrigation 1 >y this method must he of sullicieut value to warrant the 
iina ncia 1 outlay ncces.-a ry for an i rriirat ion plant and he increased 
in selling \ a lue by irrigation St'.i > or S7T> per acre per \ ear. which 
will pay interest at C> per cent on the co-t of pumping equipment and 
distribut ion sy-t em. 7 per cent depreeiat ion of materials, and main- 
tenance and operation expenses. All this indicates t lu 1 necessity for 
hied) ly intensive farming, sure market s. and ability to produce and 
handle a hie^h erade crop. 

Subirriiiat ion, which consists of the application of water to the 
soil through porou- pipe or tile laid underground, i- a nicl hod which 
can not 1 »e employe* ( success f u 1 ly under ordinary soil condit ions. Tim 
chief requisite for subi rriirat ion is a porous Mtri'aee sod and an 
impervious subsoil which tend- to hold the irrigation water within 
the root zone of the plants. Keen w here this except ional -oil condi- 
tion exist- it is seldom advisable to inst all a subirrieat ion sVst em 
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because of t he high first co-t , the tendency of foot;- and -i It to enter 
and clog the pi pe. and the rehtt i veiy large amount of wat er reqm red. 

The high expense involved in hot h spray and suhirriirat mn sys- 
terns ha- discouraged many f;i finer- from undert akini: irrigat i« >n. 
This bulletin < 1 isciisses t he so-called surface methods of j rrimit i"U 
and their possihilit ies for t he farmer who.-.- pocket book, crops and 
market faci lit ies do not justify eonsiderat ion of t he ot her met hod-. ' 

CONDITIONS ADAPTED TO SURFACE IRRIGATION 

Sur faee met hods of irrigat ion are of two general types, furrow 
and flooding-, hot h of wli ieh are used extensively in t he arid sect ions 
of the I *n it ed States. 1 n the Ka-t the flooding met hod is seldom 
employed, since -ma 11-grain crops and meadows, to which this method 
is best adapted, are not ordinarily irrigated. This met hod requires 
a nearly level around mi r face, ami ea.-tern soils a re seldom deep 
enough to permit of much grading. 1 lo\ve\ er. if fields can Ik 1 lev- 
eled properly and water can be applied cheaply enough, t here i- no 
reason w hy tin* flood i ng method - h o u h 1 not be employed. 

The furrow method is used for t he irrigation of cult i vated row 
crops and orchards. The citrus proves of Florida a re irrigated 
ext en.-i vely by t his met hod. 

Many farm.- a re adapted to a eombi nat ion of -pray and furrow 
methods, t he sprav irrigation being applied to seed beds. qtiiek- 
growing market garden crops, berries, and crop- grown on rolling 
lands which a re not well adapted to furrow i rrigat ion. while crops on 
even slopes which a re cult i vat ed with hor-e-dra wn implements may 
be ad vant ageously irrigated from "furrows. 

1 1 must be remembered, however, in comparing t he spray and -ur- 
faee met hod- that the uniformity of distribution possible with t he 
former can not be at t a ined wit h t he lat t er and t ha 1 the labor of water- 
ing a held by surface methods usually is much more than that neces- 
sary in the opera t ion of a spray plant. 

AMOUNT OF WATER NEEDED IN FURROW IRRIGATION 

Ordinarily irrigation in the humid sections is undertaken mainly 
for insurance against loss front drought. Therefore, the chief con- 
sideration is t hat t he plants receive enough water to keep t hem in 
good condition tint il the next rain. It is not often pract icable to 
irrigate crops by running water in furrows and apply less than 1 
acre-inch per acre each irrigat ion. One acre-inch per acre is equiva- 
lent to 1 inch of rainfall, or l'TJ.VJ gallons. Measurement of water on 
heavy soils cont aining considerable (day shows t hat about this amount 
is required for an average irrigat ion : t wice or t hree times as much 
may be required to irrigate sandy -oils. I n general, the limits may 
be placed bet ween 'J.a.ono and C>0,0<)0 gallons. I n many instances t he 
use of portable pipe, described later in this bulletin will effect a 
considerable saving in water. 



- Spray Irrigation. Bulletin No. 4 '.».""». V. s. ivpt. Aj-t., discusses In detail the various 
met hods of irrigation by spraying now praot ie<d in \ lie Kasteru and Southern States. 

A description of the MihU'ritration >v>teni«.- nf Florida, wlinv ihis method has trad its 
most notable success, is contained 'in Irrigation in Florida, Bulletin No. -HV2- l.\ S. 
iH-pt. Airr. 
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The acreage irrigated, then, will determine the total amount of 
water needed, and the lime taken to apply this water w i 1 1 determine 
the quantity of water needed per unit of time. For instance, if a 
farmer wishes to irrigate 1 acre of still* soih and ea n irrigate 1*2 
hours a day, lie will prohahly need ahout *jr>.uuu mi j Ions, or ahout 
LkOOo ga lions per hour, if he irrigat es the whole piece in one day. 
I f he is content to water one-li ft h of an acre a day he w i 1 1 need only 
40U gallons per hour, or t>J> gallons per minute. 1 f t he water sup- 
ply is limited, it may he neces-ary to extend f lit 1 irrigat ion over a 
period of 1(> days or two weeks. Assuming* the lat t er period, he 
will need % J.~>.( M H »--;•- 11 1,7 St; gallons per day, or ahout ±5 gallons per 
minute, irrigating 1 2 hours a day. I f the soi 1 is sandy and the 
grades are Hat . he may need twice t his amount. As a matter of fact , 
it is an exceptional ease where >o small a quant ity of w ater can he 
used by surface methods unless st orage is available, the forego i ng 
computation being made merely to show the process of determining 
the water required. 

For a larger acreage the same method of comput at ion is fol- 
lowed. For instance, if In acres of t ight soil is to be irrigated, 
mult i ply the above figures by 1<>. which will show that from l\> to f>(> 
ga I Ions | )er minute will be needed for 1 1 days of 1 2 hours each. 1 n 
main' cases it is necessary to figure on irrigat ing 2\ hours a day in 
order to utilize a limit ed water supply, or to cut down the size of 
the pump. 1 n such eases only one-ha I f of t he quantity per minute 
ca lied for above would be required, but I he total amount would be 
t he same or probably more, as it is diflicult to prevent a waste of 
water when irrigation is undertaken at night . 

Where the water is taken from streams and can be carried to the 
land by gra vity. t he quantity is not of so much import ance as when 
it must be pumped, since in t he latter case t he supply is apt to be 
limit ed and t he cost of pumping comparat i vely heavy. 1 n many 
instances large acreages can be irrigated very ehea ply w here gravity 
supplier a re easily accessible, but favorable condit ions of this sort 
are seldom found in the Fast . 

OBTAINING A WATER SUPPLY 

The item to be considered iirst in planning a fur row - irrigat ion 
plant is t he wal er supply. This must be near enough to the land to 
justify t he cost of putting in t he pipe line or ditch to carry the 
water. 1 n most cases in t he Fa-t it is not pract ieahle to divert water 
d irect ly to the land from a st ream, as i.- done frequently in the West, 
because such a diver-mn must be made at a point high enough up- 
stream to perm i I t he w ater to 1low down the ditch to t he land to be 
irrigated. 1 n many inst a nces t his would require a ditch of con- 
siderable length, even when the irrigated farm is not large : ami 
w here the land which must be crossed by the ditch is of much value 
or belong to oi her farmers the obstacle^ in the way of const ruct ing 
a gra vity system a re serious. Therefore a pumping plant is a com- 
mon adj unct to the irrigat ion system, whether the source of supply 
be a well, si ream, or lake. I 'sua 1 1 v it does not pay to pump water 
through a vert iea I 1 i ft of more than 1<><) feel for the ordinary field 
crops, although valuable truck crops may j ust i I'y a I i ft of over 2<H) 
feet. 1 f t he wat er is near t he land to he i rrigated. t he main pipe or 
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ditch need not be very expensive. A long pipe line is costly, however, 
and the economical limit of length is soon reached for" most field 
crops. 

If water is pumped from streams or lakes the installing of pump- 
ing machinery is simple, unless there is danger of floods o? the banks 
are unusually steep. The pump, unless it be of the plunder type 
discussed on page 9, must always be placed within suction lift of 
the Mater supply, which for practical purposes is under 25 feet. 
Where there is danger of floods, it is best to place pump and" engine 
on skids or wheels so that they can be moved quickly and easily. 
Tractors are well suited for furnishing power in such eases. (See 
fig. 1.) 




Fig. 1. — Horizontal centrifugal pump operated by * tractor 

If the water supply of the stream is not sufficient, conditions may 
permit the making of a small storage reservoir 3 by building a dam at 
some suitable point. Small quantities of water pumped by rams or 
windmills may be used to water small patches when used in con- 
junction with reservoirs. Springs sometimes yield enough water 
for irrigation, and when favorably located may permit the water to 
be conveyed to the land by gravity. Usually such sources yield small 
quantities of water and Avill serve only small areas. 

If a stream falls fairly rapidly and carries an abundant supply 
of water, its own power may be used to lift a supply to the land. A 
hydraulic ram or water wheel and pump is used in such a situation. 
Such devices have the advantage of low operating cost, and often 
may serve other purposes beside pumping. Many water Avheels, for 
example, used for milling or cotton ginning, could be made to operate 
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] > u n i ] > i 1 1 machinery also. Water-power devices for pumping pur- 
poses only are often a great deal more expensi ve than power pumps, 
however, ami in many ca^'S are subject to washout during high water. 
Moreover, many hydraulic rams now in use do not deliver enough 
water for irrigat ion purposes. The large sizes chielly used for 
irrigation are expensive, and are more adapt able to western condi- 
tions than to tho-e where irrigation water is needed only a small 
port ion of t he \ ime. 

Wells a re a common source of supply for irrigation purposes. 
Several typo are used : The dug or open well is of much use in some 
section^ but for the most part the amount of water made available 




Fn;. l!. linH/.onta! r<>nt rit'uiiiil pump sv\ In i'«.)icn«lc pit, to pinup from s»nvt*;»i ronnrchMt 
Wi'tls. Pit Is f. .|Uil . .{ Ifrattse 111*' Mirtjoii lift J'nwil 1 ln« ut :i\ rl siirfiKT is nt»iv than 

-."» r»«*.» 

l>.v ii is too small for any but domestic use. Dug wells are a Heeled 
considerably by droughts, and often are dry or nearly mi when water 
is needed mosl . 

Drilled or bored wells often yield large amounts of water. Some 
wells of this type (low and provide stitficient water to irrigate severa 1 
hundred^ acres. Most drilled wells do not flow, however, although 
many of them will yield liberally when pumped. It is a cotiipara- 
livelv easy matler to pump from bored wells when the water stands 
wnhin feet of the surface, but to obtain large irrigating head-* 
when the water is :|0 feet or more below the surface would' require 
o\| >on<i pumping equipment. Small quantifies, however, ran be 
pumped from stich wells at a moderate cost. 

Driven wel !< alsu are u<ed for irrigat ion purpose-, and a re a cheap 
smnve <,f water where the li ft is less than ii5 feet. One ri-ineh well 
usually w i 1 1 yield from lo to 10 gallons per minute, if the point is 
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driven in a good .sand or gravel water-bearinir stratum. A lartiv 
number of points may be driven and connected To one cent ral pump. 
Where this is done il is common to place the well point- from ::•> i«> 
50 feet apart. If the water-hearing stratum is more than t\-i i 
below the surface, the same met hod often can be followed hv (hun'me; 
t renches, laying t he connect ing pipes in t hem. and setting 1 he pump 
in a central pit . The pit and the connecting trenches must be deep 
enough to reduce the vert ical suet ion distance to *jr> feet or le— 
(tig. 2), 

CONVEYING THE WATER TO THE LAND 

The conveyance of water from the source of -up ply to the land 
usually is one of t lie ino-t d illicit It problem- that face t he irrigator. 
I f the supply source i> wells, eit her {lowing or pumped, located at 
the highest part of the farm, the water can be carried to the furrow- 
by open ditches at very little eo-t. Often water will rise a- high in 
a well at t he higher clevat ions of t he fa rm as at the lower, but if a 
pumped well at a lower ele vat ion within su«a ion lift would yield 
suflieient water, while a well on t he higher clevat ion would require a 
deep-pump pit. it might be cheaper to dri 11 t he w ell at 1 he lower point 
and force t he water to t he higher clevat ion- through a pipe line. 

I f water is to be diverted from a -t icon b v mea u- of an open 
ditch, the proper size of t he ditch ami its grade or la 1 1 in iuche.- per 
1<H) feet of leiigt h mii-t be determined before exca vat ion i> coin- 
menced. The size of t he ditch w i 1 1 depend for i he mo-t part on the 
acreage to be watered. I "sua 1 ly t he grade is kept as flat a- is prac- 
ticable, so as to ret a in a good clevat ion at t he point of deliverv. If 
1 he di version point from t he st ream i- high, t he irrade of the ditch 
must be determined by t he character of i he -oil. for if i he' a*rade is 
made very steep in order to cut down t he size of the ditch i rouble 
from wa-hout s is likely to result . especially if the .-oil is -a ndy or if 
the ditch has been ca rried a long a hi 1 Iside or acr< >-- earth till-. 

A sma 11 ditch can 1 >e carried on a sleeper grade than a la rife one. 
owing to greater friction. Several influence- enter into t he exact 
determinat ion of t he frict ion factors in mathematical formula- u-ed 
by engineers in designing open ditches, but. tu nerallv speaking, w ide, 
shallow ditches, with rough and irregular sides and bottom, crooked 
and subject to many changes of grade, w i 1 1 not carry neai lv a- much 
water as straight, deep ditches of regular outline." Table 1 .-hows 
common shapes and sizes of farm ditches with permi — ible grade- to 
carry given amounts of wat er. 

T.MU.K 1. D'sch ///'/// -s- (»! tlifi-fus ,r,i h (iifjf ft tit m »nh < 
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Til is f ahle -how- sixes and ii'radi'^ for ditches designed to carry 
w ater a! a -ale velocity for average soils. The shapes are for prae- 
i ica j ditches ami «-an he followed safely for ordinary heads. It 
should he ii< )Um I how rapidly i he utikIo diminish as 1 he quantity of 
wat er Id he carried i ncrea-es. The velocities are nearly the same in 
a 1 1 t he ditches, a slightly greater velocity heme: til lowed for the 
small ditche- than for the larger ones. If t he grades are taken ap- 
pn-ciahl v llatier than those given ahove for similar amounts of 
water. I he wafer is apt to run too sluggish h\ so that weeds and silt 
s< ion will tend \ < > cjug the ditch. 

In such a -dilation as that just out lined 1 he expense of irrigation 
should he small. unless a suh-tant ial d i version dam or a long main 
ditch is re< | iii red. On the ot her li;m< 1. if t he distance from t he source 
to t he land is enn-dderalde. a pi ] >e line a Iso would he too expensive, 
and a cheaper plan would he to install a pumping out lit on the hank 
of i he -I ream, t he pump heme; >«'t near as possible to the land to he 
i rrigat ed. 

DETAIL OF PUMPING PLANT 

Where wal er i- pumped from streams or ot her open bodies of 
water, a centrifugal pump usually is the cheapest and hest t y } >e for 
-md'ace i rrigat ion. The advantages of a crntri fug a I pump are lis 
low c< >m . light weight, lack of valve- and parts that wear out easily, 
com] »arat i w cm-" of < >perat ion and maim ena nee. and relat ively high 
ellimency in raising hi rge quantities- of water t hrough moderate lifts. 

The single-stage horizontal i- the type of centrifugal pump in 
t!iuv| common u-e for i rrigat ion. being especially adapted to pump- 
in ^ quantities of water above g.M » gallons per minute from streams 
or from wells where the sect ion lift is not over *25 feet. If the water 
from a well mu-t he lifted from *J5 to •!(> feet , this pump usually 
can 1 'c set in a pit and hell -connected to an engine at the ground sur- 
face. I f elect ric power is available, it often is possihle to dig a pit 
and set the pump direct 1 y connected to the motor at the hottom. 
1 1 orixoni a 1 cent ri f ugal pumps are made in se\'eral stages, depend- 
ing" on t he li ft . The ordinary si ngle-st age pumps are made to pump 
water through total lifts up to 1*J."> feet . Pumps of more than one 
stage will li ft water to considerable height s. hut t hey are much more 
expensive than t hose already referred to. 

A not her t \ pe of centrifugal pump Used for irrigation purposes is 
t lie vert ic a 1 cent ri fuga h t Fig. ) This di tiers from the horizontal 
t vpe in that t he impeller- are. operated by a vert ical sha ft. whieh 
mav he of con-idem hie lengt h. This type is used almost exclusively 
lor pumping from wells where the water tahle is helow the permis- 
sible -net ion lift, a- the pump may he set in a deep pit helow the 
ground- water level and operated l»y a belt-driven pulley on top of 
the vert ica 1 pump sha ft . Vert ical cent ri fugal pumps cost about 50 
per cent more i han horizontal pumps of the same capacity. To the 
co-t of the pump itself mu-t he added the cost of pump pit and 
framework which contains the vertical shaft. Tin* vertical type 
usually requi re- ahout 1 <> per cent more power than the horizontal. 

S<\ era I types of cent ri f ugal pumps a re const ructed for pumping 
water from sleep well-, where t he suction lift is too great to allow the 
mima •_• i -j 




<; . : >- \ «'ft i< a! <-.>ntrifiik':iI pump in pit. 
I'umi* I* i- u|»( mtnl t hr-iuuh wrtical shaft 
* by ni.<an.s <,f half-t tiniotl iM'lt 13 



utilization of pit.- dug hy hand. 
The-e Usually are ra I U'« I deep- 
well t n rbi ne * j >umps. < Fiji - . 1. ) 
They are -iinilar in genera 1 prin- 
ciples to the vert i. a 1 cent ri fugal 
type, with impeller- inca-ed in a 
shell, hut are <o constructed thai 
they can he let down to an v re- 
quired depth in drilled well- of 
large hore. Well- \-J inche- and 
more in diameter may he pumped 
hv thi- type-. I f a deep well of 
le-s than hi to 1 r> inehes diam- 
eter i- to he dri lleih it is com- 
mon to hore a larger well to the 
water level, Thi- will contain 
the pump. The well of -mailer 
hore then is -tailed and may he 
hored to a great depth. Deep- 
well pump- of large ca pa city are 
e.\pen-i\ e, co-t ing from live to 
ten time- as much a- horizontal 
cent ri fuira I pumps. To the cost, 
of a pump of this type must he, 
added the extra cost of I >ori n«jf 
and easing the larger well con- 
taining the pump. I >eep- well 
pumps a re efficient when deliver- 
ing (plant it ie- of .V>() gallon- per 
minute or more and a re mod- 
erately free from trouble if prop- 
erly installed. 

Water often may he rai-ed suc- 
ce.-- fully from deep wells with 
high lifts by means of the -o- 
called air 1 1 ft . Tin- apparatus 
include- an air compre-sor which 
forces air into (lie water near the 
hot torn of t he well. Kelea-ed 
there the air seek- to ri-e to t he 
surface, and in doing m> force- a 
quantity of water from the well. 
One compressor may ,-upply air 
for several well.-, as the air' may 
he piped a con-iderahle distance 
from a cent ra I power hou-e. 
The advantage- of the air li ft are 
the alr-enee of complicated a ppa- 
ratu- beneath the ground surface, 
and the ea-e with which a large 
number of well- may he pumped 
from one central station, This 
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type is adapted especially to 
deep- well pumping where the 
water s u p p 1 y is uncertain. 
However, this p u 111 p usually 
is less eflicient than the cen- 
trifugal type under moder- 
ate lifts, and is more costly. 
Tt usually is more efficient if 
operated by steam than by gas 
engine, 

The ordinary plunger pump 
commonly used on the farm to 
raise water for domestic pur- 
poses may be utilized in irrigat- 
ing small areas. This pump is 
adaptable to nearly all condi- 
tions, and is especially useful 
for pumping water from wells 
where the lifts are high. Plunger 
pumps are made in many types 
to pump widely varying quan- 
tities of water, these falling, 
h o w ever, into three main 
groups— with single cylinders 
(simplex), two cylinders (du- 
plex), or three cylinders (tri- 
plex). Each of these forms may 
bo either single or double acting. 
For quantities of water up to 
1()0 gallons per minute, the 
single-cylinder or duplex pumps 
are satisfactory and more effi- 
cient than centrifugal pumps. 
For quantities from 100 to 200 
gallons per minute, the plunger 
types are rather expensive when 
compared with the centrifugal, 
but their higher efficiencies often 
recommend their use in spite of 
this fact. Where more than 250 
ga 1 1 ons per minute is to 1 >e 
pumped, it usually is best to in- 
stall a centrifugal pump, as the 
cost is very much lower than that 
of the duplex pump. A triplex 
pump practically never should 
be used for surface irrigation un- 
less the lift is great or the. pump 
is to be used for other purposes 
in addition to irrigation. 

Plunger pumps are recom- 
mended where water is pumped 




FHk 4. — Deep-well turbine pump, operated 
by Imlf-turnod belt 
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from a bat tery of dnvrii wells if a -lmrl aire of \v;itrr i- likely to occur, 
as they arc ,-el f- priming. The centrifugal pump must he primed, un- 
less ^ubmerured. ami t he -net ion pi pe niu-l I -e air-tiirht. 

Since ceni ri fuira 1 pump- are de-ie;iicd for known constant lifts 
and run most elliciently aa'ain-t i ho-e lift.-, pump companies from 
whom cost estimates are desired -hoiild he informed regard in c; the 
lift and ot her condit ions, and the speci licat ions final! v accepl ed 
should he adhered to closely in in-tallinir i he pump. Plunder pumps 
may he operated under varying speed- and heads, hut. as in the case 
of 1 he ceni ri fuira 1 type, t he maximum elliciency will he obtained 
under the conditions for which t he pump is de.-iirned. 

Nearly all cent ri f u<ra 1 pump,- a re lilted with pi il leys and a re belt- 
connected to ifasoline engines, elect ric motor-, or ot her sou rces of 
Mower. Direct connection is advisahle. however, wherever pract b 




cable, since by it los- of elliciency hy he It .-lippaae i> elimiuat ed and 
the outfit is made much inure compact. The power will, of course, 
depend upon local cond it ions. 

The most common power source is some form of int ernabcomhus- 
tion engine. ( Fiirs. and f>.) Many eiuiine< still u-e mt-oline for 
fueh hut nearly all of the new farm engine-- are titled in hum kcro- 
seue. and some hurn the hea vier oils very successfully. Small engines 
irenerally are best fitted, to burn kerosene. For an engine of -J< ) horse- 
power or more it somet imes is advisable to lit t he enirine wiih a tras- 
producei' apparatus, so that the heavy fuel oi Is may he used; hut it 
must he remembered that an engine used for irrigation purposes only 
will he operated for short periods in nio-t pa rts of t he humid sections. 
A possible saving* in expense for fuel t here fore is likely to be unim- 
portant, inasmuch as the expenses incurred in installina* a heavy -oil 
engine may fa r offset it . 

The cost of oas engines varies widely. Those adapted to small 
irrigation systems, with from 1 to r> horsepower, should cost from 
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?2r> to S-IO per horsepower : ;> to lC> horsepower engines should cost 
from SIT) { o s;»( i jut horsepower. The cheaper grades are ivcom- 
mended for most plant.- used for furrow irrigat ion In the Kastern 
States on account of the short periods during which t hev are 
operated. 

As in the case of the pump, the engine used in connection with 
an irrigation plant in the Kastern States often may serve other pur- 
poses, especially if it is portahle. If the engine is already serving 
other purposes when I he pumping plant is installed, the pump must 
he adapted to the engine, inst ead of the reverse, as is usual. 

Steam engines usually are econoinica 1 where wood fuel is plentiful, 
as is t he case in many sect ions of the South where pine is ahundant. 
However, for the plant of less than liT* horsepower it seldom is 
economical to purchase a new steam-pumping out lit. as t he initial 
cost of sleam engines is c< ai-idera I »ly more than that of mis engines, 
and t hey require more lahor for at tendance. I f elect ric current is 




Fi«;. Ci. < Jasoliu.' .-n-im' 1,,-lt -ruum*,.-!^) u, >in-It> r\ ! i n<i» r. <loiiM»- ad inu pow.T pump 

a va ilahle at moderate rales, motors will prove verv sal is fact orv. 
operating with a minimum of trouhle. I f a ilat rale 'is charged for 
power. however, the operat ing charges may he j)rohihit i\ e. 

The size of the pump will depend on the time allowahlc for the 
irrigat ion of the area to he watered. The horsepower required to 
operate t he pump depends on the quant ity of water to he lifted, the. 
elevation of the land ahove the water source, and the distance the 
water must he carried in a pipe. 

The following tahle shows the amounts of water needed to irrigate 
oli lierent acreages in rea-onahle time. I f t he amount of water which 
is needed i> known, t he size of t he pump and t he power needed to 
operate it may t hen he as<vrt ained. The t ota 1 horsepower required 
will he found hy niuh i ply ing the numher found in t lie tahle hy the 
total lift. The total lift w i 1 1 he t he actual li ft from the water sur- 
face to the highest part of the farm plus t he loss tine to friction. 
The friction loss, shown hy column 7 of the tahle. depends upon the 
size and length of the pipe. This is shown in feet per 100 feet of 
main pipe line. 1 >at a in Tahle l } apply to fa vorahle conditions of 
soil and grade where the total lift is not more than 1UU feet. 
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To illustrate the use of Table l\ assume that it is desired to irri- 
irate H» acre.-, t hat the h id u*st point of the land is K> feet above the 
water yupply. and thai the pipe line iVoin the, pump to the land is 
LliUU I'eet loii-z-; then from the table see that a No. :> cent ri 1'iimd pump 
will he needed to -npply this. To determine I he horsepower needed 
to operate the pump determine first the total lift, which will amount 
t<> the i\\ llerenee in elevations, lu feet, plus the 1'riet ion loss. If 
•Tineh pipe i>- used, t lie fri.-t ion loss in it will be equivalent to 1.5 
foot of lift for each loo {Vet of pipe. There beine; l.'Jnn feet ,,f pipe, 
the friction loss will be krv l..V-;ls feet; m> that the total lift to be 
considered will be i<)-f ;»> {Vol . The total horsepower called for 
will then be 1 <> — <). :*>, this heinir at the rate of o.lC horsepower 

for each foot of 1 i ft . A 1 odior.-epowcr eiiifme would 1 »e recom- 
mended for this plant. 

In many cases it would lu- possible to use smaller discharge pipe 
than the size- recommended in Table ;J : but if that were done, hiuiier 
power would be required to force t he water throuuii it. Where con- 
ditions re(|iiire t he n.se of smaller pipe t hp matter of specifications 
would better be referred to the pump or engine manufacturers, to 
the Department of Airfield) ure. t he airricu h u ra 1 experiment M at ion 
of tlie State in which the fa rmer lives, or to a loeal cnirineer. The 
table oin not be made to apply to all possible conditions, of course, 
but shou Id irive a basi< for computing t he probable cost of an i rid - 
iration plant. 

i )el a i Is of t he installation of pumps and engine- can not be entered 
into here. ( ienera 1 ly speakimr. suet ion and discharge pipe < 1 1 o u 1 d be 
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larov enough to reduce iriction loss to a iuinimum and all unneces- 
sary sharp bends should he eliminated. Where possible to do <o it 
always is best to consul! a pump expert before installm- a plant 
< oiupanies nianulacturmo- pumps usually are prepared to <rive ad- 
vice on such details and in many eases will oversee the installation. 

DISTRIBUTING THE WATER 

The control of water from the larger ditches require^ installa- 
tion of various structures. Wood ordinarilv is used at first, hut 
voncrviv should he u>ed if the structures are to he permanent It 
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Happens that wooden structures, can be used until the svsteni 
vn h ^ t( ' ({ ijHU'oughly. The lumber in these mav be used for 
wlien the time comes to install more permanent concrete works. 
rn yi'^^usually are put in when a small ditch is taken from a 
(riir. i.) Such a s! ruel ure is made in form of a rectangular 
pen at the top and may have one, two, or three outlets. ^The 
is controlhul hr>t by means of movable boards or slat< fitted 
s made by cleats nailed to the side of the box. 
dl dndies. however. <ienerafly call lor structures only at the 
«. hisewhere the water may be controlled either bv liilimr the 
with dirt at appropriate places and cuffing the bank wit h a 
1 ur u > tho ust> nt portable canvas: or sheet-iron dams ( Fi<r 8 ) 
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In using t he canvas dam the irrigator places I he top slat across {lie 
ditch and thrown a little dirt on 1 he canvas at the hot i om and sides. 
The port ahle sheet -iron dam is u-ed 1 » y merely thrust ing it into the 
ditch at right angles to the flow and divp cnoiiali lo -land t he 
pressure of the water against it . 

Watt*!* is taken in a numher of ways from tlie small dit .-he- ai the 
head of t he furrows. The common way is to cut -mall hvnehes 
through the side of the ditch with hoe or shovel. A hetter method 
calls for the use of lath spouts or pieces of pipe set through the 
hanks of t he ditch. ( Pig. { .K) The amount of water let into i he 
furrow may he regulated eit her hy a clot h (lap at the intake of the 
lath spout or hy a shingle thrust into t he earth in front of the tile. 
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A durahle and comparat i vely cheap < list rihiu ion system inay he 
constructed of terra-cotta sewer pipe, usua 1 ly ca 1 led -a It glazed vitri- 
lied clay pipe. This pipe can he made watertight under low pressure 
and can he laid hy anyone who follows direct ions ea re f u 1 i\ . A dis- 
tribution system of this pipe should not he designed to stand a \ ert i - 

c;i I head of more than 1 ( > t < > 1 
feet or a pre-sti re of more than -I 

to C! pounds per square inch. 

Therefore, if it is necessary to 
cross a dip or hollow it 'is best to 
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cross it with iron, steeh or rein forced-ei aicrete pipe. As i- done with 
open ditches, pipe lines are laid along the highest -tde of the land 
to he irrigated and the w ater is let into t he furrows at e< >n\ enieni 
point s. It often is possible to lay the pipe on top of a rid ire aen»s- 
a field and run the water down hot h slope-. 

None hut the best grades should he accepted when the sewer pipe 
is bought. Pipe with cracks or broken end- should he rejected. The 
best way to test for cracks is to tap the pipe lightly with a hammer, 
a clear ring usually indicating a sound pipe. Pipe which is uoi 
well formed also should he discarded: no serious detect-, in fa< t , 
should he t olerat ed. 

1 he trench in which the pipe is la id should he dug ahoui a f. .< a 
wider t han t he pipe in order to allow the worker to ralk and cement 
the joints carefully. (Fig. 10.) To make the joints watertight it i- 
first neees-a rv to tamp them t horoughly with oakum, which centers 
the pipe and prevents cement from working into it . A Her t he pipe 
is laid and the oakum well tamped in. a quantity of eh>an. sharp 
sand should he mixed t horoughly with an equal amount of r»-ment. 
and the mixture wetted to a st i Inconsistency. This should he foi «•«•,! 
into the^ space het ween the hell a nd spigot and tamped iiriiil v inio 
place with a tamper, great c;tre being l aken to make Hire that the 
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multMsido of (he joint is well cemented. When working with cement 
it should be remembered that only small batches should he mixed at 
one time and that these should be used quickly; it is not safe to use 
mixed cement which has stood longer than one-half hour. 

One advantage of a system installed as above is that the pipe may 
bo taken over ridges and across dips, if the total safe head is not 
exceeded. 

The outlet valves or hydrants should he connected to standard 
vitrilied-pipe tees by means of short pieces of clay pipe. Each valve 
is cemented firmly to the pipe, making a convenient connection with 
the underground main. Valves are spaced from ;>() to 100 feet apart, 




Kit;. 10.— Laying vitrified clay pipe to bo nsed for Irrigation 



and the water is delivered to the furrows either by running it into 
open trenches and regulating the flow in each furrow with a shovel 
or by means of portable pipes containing slide gates. These pipes 
can be fastened to any valve in the field, and usually from 4 to 10 of 
them will be used simultaneously. 

One type of valve whiclrhas given satisfactory service is made of 
cast iron and contains one or two large outlet" spouts. (Fig. 11.) 
This valve it attached by being cemented to the outside of the short 
riser pipe. It is a valve which allows easy regulation of the quantity 
of water it discharges, but has the disadvantage of having to be made 
up on special order when wanted. 



in 
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Another type of out K-t valve, ami one moiv readilv <.! n a inal >lc. i- 
il ustrated m rigure 1± This valve mav be attached to riser pipes 
of " either iron or vilrilied clay. It is commonly cemented to the 
inside of the riser pipe. The valve is closed l»v pla'cin- the cover over 
the opening and giving it a short <iuiek turn 'to the left. This cause- 
the t\v«, hps on the cover to en-age with the inclined ln-- s on the 
sides of the valve easl m- and to clamp the cover ti-htlv onto the 
top ot the upright casting. The valve is opened l»v simply reversin- 
1 he process and removing the cover. 

When the water is to he conducted awav from the valve bv ditches 
or broad Hooding, water is simply permitted to spill out over the ton 
in all directions For eases where it is desired to use slip-joint pipe, 
a special portable, hood is used. This hood .damps ,,,'the valve 
casting m (he same way as i he cover. It has a sheet-iron elbow 
wlneh may l.e pointed in any direction. Onlv one portable hood i- 
needed ior a large mimher of valves. This 'valve has proved very 
satisfactory m operation. It allows no regulation of the ouantit'v 
discharged other than complete opening or closing, hut this is'usuall'v 
im disadvantage under eastern conditions. 

. , l iu ' " M " ol ' vilrilied (day pipe under pressure is. -cnerallv unwise 
if the ground I reez.es t,, a depth of more than a foot below the s tll - 
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Jace. In any case the top of the pipe should be at least a foot below 
Iiee/ing as marked changes m temperature apparently cause con- 
sideraole trouble m vitnhed clay pipe even ihou-h (he pipe be buried 
below danger iron, heaving ground. The uprights leadin- from 
the mam to the surface must be protected, as heavin- of the ground 
c ue to frost often will break the connection between the valves and 
the underground mam. To prevent this trouble some farmer- 'rover 
the valves with manure every winter: a better wav is to place a 
arge pipe or , , le around (he riser and lill ihe -pace between the two 
with asphalt winch ,s sullicently yielding to protect the riser from 
being pulled apart, m frerzin- weather. 

In northern localities the n'.o.i common trouble with terra-cotia 
Pipe is the breaking oil of valves or the pullin- oil' ,d' vertical 
\itr,l,e ( |-c ay risers from the tees in the man, line Thi- ha- been 
I'yrcome by the use of a cast-iron ri.-er which tapers toward ihe i„ P 
i be base ,,( th, s ta]>ered piece of pipe fits in flu- T at the main as 
shown m I- ,g,ire 11. except that where this device is u-ed a bl„ck of 
concrete is built around the T in order to reinforce it. Trouble from 
heaving ground due to freezing usually develops if a valve such as 
ilia shown m Figure n rests on the -round. The valve should 
preierably be several inches above the -round. 
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Because of the danger of freezing, vitrified-clay pipe when used 
in the Northern States should be laid on such grades as will permit 
it to be drained readily. Drain cocks may be placed in the pipe at 
low places, these being made by cuttingfholcs in the pipe with a 
chisel and setting in short pieces of 1-inch pipe connectetl to a cut-off 
valve. The drain is set near the bottom of the sewer pipe. If there 
is no natural drainage from the drain cock, it may be necessary to 
pump the water out before freezing weather sets in. 

It is probable that less trouble would be experienced from expan- 
sion and contraction breaks in sewer pipe if every third or fourth 
joint were scaled with bituminous joint filler, such as is used for 
concrete expansion joints. Where this is done the joint filler is 
heated and poured into the previously packed joint. This packing 
is done by tamping firmly into the bottom of the recess strips of 
newspaper, oakum, or other packing material. A collar is needed 




Kio. 12.— Kiicent design of irrigation valve for terra-cotta pipe system, showing valve 
both closed ;ind open, and short riser pipe connecting the valve with the under- 
ground main 



around the bell while the joint compound is bein" poured. The joint 
compound is hard enough to resist considerable pressure and is 
plastic enough to allow slight lateral expansion and contraction due 
to changes in temperature. 

Often it is possible to use a combination system of vitrificd-clay 
pipe and open ditch, the pipe being used to carry water over rough 
or gravelly ground or over small ridges or hollows. The ditch then 
may be used to carry the water over parts of the farm where the 
grades are uniform and where open ditches would not be in the way 
of teaming. Water can be taken either out of the ditch or out of 
the pipe into the furrows, as suggested elsewhere in this bulletin. 
Ihe combination will often mean a considerable saving in cost of the 
distributing system and be as efficient as one involving a much more 
complete use of pipe. This method calls for uniform grades in the 
held, however, and generally will require somewhat larger pipe than 
would be the case otherwise, as it will not be possible to have as 
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much pressure as needed for the pipe alone. This method is not 
advisable if the soil to he irrigated is so sandy or porous as to cause 
heavy waste by seepage from an open ditch. 

It is never safe to pump directly into a clay-pipe system unless 
the pipe is reinforced; some sort of relief standpipe must be installed 
to equalize pressure. Such a standpipe should be placed near the 
upper end of the land to be watered, and should connect the pres- 
sure pipe from the pump with the vitrified-clay pipe distributing 
system. Standpipes are open at the top, the elevation of which is 
a few feet above the top of the highest part of the irrigated ground. 
Thus, if nil the valves in the field are closed and the pump is started 




Tig. la. — liollcf standpipe at connection of iron discharge pipo 
and vitrilicd-clay distributing lines 



the standpipe will permit the water to overflow instead of allowing 
the pressure to burst the clay pipe. A cheap and convenient stand- 
pipe is made by cementing together a few joints of vitrified-clay 
pipe, as shown in Figure 13. Sometimes standpipes or boxes are 
constructed in the field to act as diversion boxes. They usually are 
fitted with slide gates, and serve as air vents as well as means to 
shift water from one lateral to another. 

Several kinds of pipes may be considered where conditions are 
such as to require considerable pressure (as, for instance, in connect- 
ing the pumping plant with the first standpipe). Cast iron probably 
is the most durable material, but is too costly for nse on most farms, 
as its great weight makes freight and hauling charges excessive. 
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( v;i 1 vani/.ed and black wrought -iron nr w 1 ought ~.-teel threaded j j i pi* 
is well ada pi ed in high jiiv.^uiv, I » u i 1< * j i line< co.-t a great deal. 
Light weight n vet r( i M eel pipe, both a.-pha lied and ga I va n ixed. is 
adapted to na >-t ea-t ern c< >ndil mils. The ga 1 van ixei 1 p i pe is rum- 
pa rat i vely lone; li \ ed. but the asphalted pipe o ft en rust .- out very 
rapidly. Wood pipe i- im! common ly u-e< I for irrigat mn in the 
humid -ert ion>. a !l hough well ad;i pt im I In t be purpo-e. Reinforced 
concrrt e pipe or rei n for<-e< I < 1 ra in tile or • w e i pi pe mav I ie use* I in 
nea rly all casus. 

REINFORCED CONCRETE TILE AND SEWER PIPE 

High price,-, < » f -fee! and iron pi j >r and t be inability of M'\vcr pipe 
to st and any bin very low head.- ba ve led ibis bu i'ea u to make 
tests on rein forced drain tile for high pressure-, Kein forced-con- 
crel e pipe ha- been u-ed for many year- in t be We.-t to carry water 
under high pres.-ures. This pipe usually i.- of the larger sizes ami 
re(jui re- speeia I form- and -killed labor to make and lay it, I ,a rge- 
dia met er rem huved-eoncret e pipe can be bought read \' made in 
t be Fast . but beavy freight charge- u-ua I ly probib'u t be u.-e of -mail 
size- on (be farm. Such pre.--u re pipe i.- needed in nea rl\' all ca-es 
where water is transported from pump to highest point of field, or in 
rro--ing deep dip- or bo I lows. Tbe t e-t t berefore. -on id it to di-- 
co\-er some pipe w inch any intelligent workman could const rue! with- 
out expen-ive equipment. From t e-t - made it seems entirely prac- 
t irahir for the farmer to in-t a 1 1 rein forced-cone ret e tile, which 
can be made without any expensive equipment and can he laid con- 
t inuously in t be t rench. 

Standard clay drain t lit* wa.- t aken first. Severn 1 sect ion- of this 
were placed on a w< >< ulen spindle 1 «. ) feel long. The sections were 
t hen pulled t < iget her by six to right wi re.- running t he same way as 
the pipe. These wire- were tightened by means of holts fa-tened at 
regular intervals in a board at t he head of the tile. After t he ver- 
tical wire- were tight other wire- were wound -pirall v around the 
tile, this- bring accomplished by 1 timing the tile on the wooden core 
by means of a crank. The spacing of t he wires wa- gauged by hand, 
one man turning t he tile and another holding and guiding t he win 4 . 
A ft er t lie tile was w ound it w as removed from the core and 1 hen was 
ready to be covered with concrete. ( Kim 11.) Ten-foot lengths of 
tile from 1 to 1 ( ) inche- in diamet er con Id be handled ea-il v by two 
men. a,- t he wire held t lie tile together. 

In-lead of attempting to place eoncretc on the tile in a mold or by 
pla-t ei i nw. tbe 1 1 le wa- laid cont inuously in a t rend) which was cut 
to .-neb a size that it would act a- an out-ide form for (lie concrete. 
For ordinary work the trench wa- cut to the desired depth and about 
r> inches wider t ha n the out-ide of the tile and tbe hot ton i was 
rounded out to eliminate wa-te at the c< truer-. 

I lie best way to make a t ight . leak-proof tile wa< found to be as 
-follows; A rich mixture of concrete wa- made, no gravel or stone 
over nnedial f inch in diameter being used. Several inche- of the 
wet tnixt ure wa- placed in the bottom of the trench, and st one- or 
piece- of broken tile were t brown in. The tile then wa- placed in 
the concrete and -ha ken up ami down until tin 1 concrete w a- well 
>i ]U '^ U) t lie bottom and part way up the ,-ide>, tbe >Ume or broken 



20 



FARMERS' BULLBIl*? 800 



tile preventing the tile sections from falling to the bottom of the 
trench. (See title page.) The remainder of the concrete was 
placed in small quantities with a spade and tamped thoroughly, 
especially on the sides and around the joints. It was found that the 
careful placing and tamping of the concrete needed particular atten- 
tion, in order that leaks might be prevented. 

Tile from 4 to 10 inches in diameter was tested, and after the con- 
crete had set it was found that pressures from 25 to 150 pounds to 
the square inch were needed to break the pipe, the lower pressures 
being for lean mixtures of concrete and very little reinforcing wire. 
For pressures up to 50 pounds per square inch for tile over G incbes 
in diameter it was found best to use No. 8 wire wound spirally with 
about 1 inch between spirals. About eight horizontal wires running 
parallel to the axis of the pipe held the tile together and prevented 
temperature cracks in the finished pipe. For 4 and G inch tile No. 




Vw. 14. — Wire-wound tile and woodi»n con 



12 wire with the same wrap was found to answer. Concrete of 
1-2-4 or 1-2-3 wet mixture was found to be best. 

Such pipe as that described above would be satisfactory for nearly 
all purposes for surface irrigation where water is pumped. It can 
be laid continuously for any length and should not cost more than 
half as much as steel or iron pipe. 

Continuous reinforced-concrcte pipe was made by following the 
same general method as that just described, but with this difference: 
Instead of using tile for a core galvanized-iron pipe was wrapped 
with wire, laid in the trench, and the concrete placed around it. 
After the concrete had^been allowed to set for about 45 minutes the 
galvanized-iron core was removed. In order to accomplish this, 
paper was wrapped around the collapsible core. The wire was wound 
around pieces of broken tile so as to stand out about 1 inch from the 
shell of the core and thus be on the outside of the concrete shell. 
This method requires close attention and should not be attempted 
on the average farm unless expert help is available. While the cost 
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of this pipe is less than that of the reinforced drain tile, the difference 
is comparatively slight. 

Another method of making pressure pipe is to use bell-and-spigot 
vitrified-clay sewer pipe and tamp and cement the joints before wrap- 
ping with wire. This pipe is more expensive than tile, but it is easier 
to make it leak-proof. A reinforced pipe of this sort would be par- 
ticularly adapted to a sandy soil where it was necessary to use board 
forms on the sides of the trench, in order to use it/for an outside form, 
where the soil would not permit laying the pipe continuously. 

If necessary this pipe could be made in convenient lengths by 
using forms of wood or clay, the pipe being laid after the concrete 
had set. This method might be convenient where the pipe could 
not be laid continuously in the field on account of soil conditions or 
where freezing weather would prevent outside work. If this method 
were followed the joints of each length would need to be well 
wrapped with wire and the concrete poured around the pipe after 
the lengths had been laid in the trench. It also would be necessary 




Fig. 15. — Vsq of portable galvanlzed-lron pipe in alfalfa Irrigation 



to wrap the tile or pipe in shorter lengths, as the finished pipe 
would be several times as heavy as the wire- wrapped tile. 

APPLYING THE WATER TO CROPS 

An understanding of the actual use of water in irrigation is as 
essential as the securing of the supply itself if the investment is to 
prove profitable. The irrigator must know how to make the water 
reach the plant roots. 

USE OF PORTABLE PIPE AND HOSE 

Reference has been made to the use of portable pipe in spreading 
water which has been brought to the field by other means. If the 
soil to be irrigated is very sandy or the slope too flat to permit the 
water to run clown the rows or furrows, the use of such pipe may be 
highly desirable. Portable pipe usually is made in 10-foot sections 
of light-weight galvanized sheet iron, one end of each section being 
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slightly tapered, so that it may he pushed into the straight end of 
the following section to make a fairly tight joint. The pipe should 
he made of from 2-1 to 20 gauge galvanized sheet iron for G-inch and 
smaller sizes and 22 to 24 gauge for 8 and 10 inch sizes. It is avoII 
to reinforce the ends with 18 to 20 gauge iron. Several firms make 
this pipe; many local tinners can make it or order it for the fanner. 

In use the pipe may be built up section by section, or the entire 
length may be built up first and the sections "disconnected as irriga- 
tion proceeds. AVhen the end of the field is reached the operation is 
repeated, with the pipe connected to the next valve, unless it is 
possible to water a number of rows from one valve. This pipe is 
very handy for irrigating hay crops and is used extensively in the 
West for irrigating alfalfa where the soil conditions are not favor- 
able for wide flooding. 




Fit;. 10. — Six-inch cast-iron irrigation v.-Uve and hose connection to slip-joint pipe for 

irrigating orange grove 



It is very difficult to parry water up a grade with the ordinary 
portable pipe unless special joints are made. ' Some eastern irrigators 
have tried to prevent leaks at the joints of cheap portable pipe by 
laying the pipe on a grade, making use of portable wooden trestles. 
A better plan is to have the tapered and ringed ends of the sections 
extra long and heavy and to fit both ends of every joint with lugs. 
Two bolts can then be put through the lugs and the pipe drawn up 
with nuts, usually making a fairly tight joint. Western irrigators 
have used tarred cloth or burlap between the taper and the ring. 
Another way is to fit a shoulder on one end of the pipe and a rim on 
the other. A rubber gasket can he used in the shoulder and the pipe 
pulled together with bolts through lugs, as in the case of the slip- 
joint pipe. 

Where a considerable grade must be climbed it sometimes is neces- 
sary to buy extra light weight spiral-riveted pipe r.nd use a bolted 
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joint. Tin 1 t ime nece.-sary I < > make coiituri ions render,- this iiuq hod 
too -low . how ever, if the pipe needs to In 1 carried from place to place 
vmw often. The n ecc- - i t y of heavily rein fo! cine; (he end- of portahle 
I'M u ' M! m*arl\ a 1 1 ea>e> can no{ he overemphasized, as (he pipe often 
is rii! ned hy hivaki n-j of the seams when the seet mih are e« >nneel ed, 
henl. or twt-ted a hoi it dueine; i rriintt ion. 

Iln>e i ^ sniH'l tine- n-~ed m-tead of portahle pipe to convey water, 
halt. a> a rale, ho-e should n< >\ he u-ed. as it i> la a as dnrahle as pipe 
;i nd is worn oiit -o< n hy heine; draped < ever the lie id. It is subject 
al>o \tr A \\ ;u-k I > y in-eets and rat s or mice w hen stored for t lie winter, 
and is hard t< > handle unless the diasneter is small and the lengths 
are short. Ih.-e will drae; down tender plant- un !.•-- (lie farmer i> 
\ery earei'id in handling it . If used al a 1 h it shonld he d ried out 
a, fter each irrigation and stored in a dry place. 




Ke«. IT. Furrow irriu i f ion from porhthlt* <IHt vihni b «ti pip.* a 1 1 ; i * • i i » < 1 1 a. lmlrnnt' of 

UiitlcfuroutKl in 



For -mad <jua lit ii ies of water ordinary irarden ho-c can he u-ed. 
< 'einhmmed lire ho-c. np to -j i . » inehc- in diameter. -omet ;me- can he 
I oiii/nt chea ply. The connection- on tin- ho-e a re of the <jnick-t urn - 
i ) i L'" hra-- \ a neiy. Fi ft v- h »< >t lenir( hs usually are to he advised. Two 
!o ^ iia-'n h< .-e may he homemade cheaply from .-trip- of heavy duck 
or can\ a- h\ -ewinira d< aihle '-cam with very hea\\ t hread. A local 
harne— maker or cohhleta having suitahle mac! s i ne- for -nch work. 

■ hmdd hi* ahle to malm a --Ironer Im-e of t h i - -ort . ( ) ften it i- advis- 
able to treat can va- hose with tar. va rni-h . or paint to indva-e it- 
life and retaler *t< more nearly leakproof, 

1 >e\ i - unf contii-sa ion-' for home made ho-e o ft en piv-eiit- dillicul- 
t ie-. A la i rl\ wood joint ma v he made in -e vera I way-, prohahly the 

■ •Ilea i >e-l h-.nnil to wire t lie end- t<» -laHt pit^v- of ii«_dit - Weight i!;llv;lti 

; /<*d iron oipe. one end of w hi< h i- tapered and the other .-traiwht. 
i he Fnm ii!rij are ;« > i 1 1 1 • « ] a- in t he ea-e of conductor pipe. If any 
appreciable pre--iire is to he applied, t he-e joints should he ho I ted 
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toother as described for the pipe. A >tmnixvv joint can he made 
by tymir the ho,-e around short pieces of standard threaded pipe, a 
eouplintr hcinn- placed on one end of eaeli pipe. This joint will 
stand considerable pre-Hire without leaking. Regular brass fire- 
hose coupling can he bou<rht. hut the cost of 'this for the larger sizes 
is too hioh to he considered. 

FURROW IRRIGATION 

^ here the use of port able pipe does not appear to be necessary, 
irrigation as practiced in the Ka>t usually is effected by diverting the' 
water directly from the distribution system into 'field furrmvs. 
(Fi<rs. b^ and UK) A sandy loam underlain with a comparat ively 
imperviou- subsoil probably is the easiest and most satisfactory soi'l 
to irrigate, provided the slope of the land is favorable. Such a soil 
with a irrade of 4 inches to 1 foot per loo feet will allow water to 




Fic. IS,- I'm- row ini.-;Ui<m in O.-nnrhi. Wai. r ].<in- tlt*tivcivd inmi cast-iruii v;i!\ »• 
which in roniiiTt. tt lu uti«|i'!u r.»uini vHriiiini Hay pipe 

reach the plant roof < and si ill run a considerable di>tance down open 
furrows. 1'he amount of moisture in the ground before irrimit ion 
and. the kind of crop atown w i 1 1 im far in determining the quantity 
of water required^ In liejit, loamy soil this may be applied by run- 
innir water for a few hours in each furrow, but* a much longer t mic 
will be required for a heavy soil. \ Vitally water should be let into 
each furrow and made to reach the lower end as (juicklv ns possible: 
the quantity entering- each furrow then can be diminished, enough, 
still beino- allowed to enter so that a sufficient suppl v will rea<«h the 
end of thy furrow, Iliis method may be expected to effect a uni form 
di>f ribuf ion of t he water. 

The irrigator can determine whet her the water has run lone; enough 
by dizain-- down to the root- of the plant- and oh M -r\ im: how deep 
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the water has percolated. If it has gone below the root zone a waste 
is taking place. It is better not (o wot the surface of the ground in 
the row ot the plants, but to allow the water to seep into the soil 
trom the furrows, which will prevent the soil in (he rows from btkin«r 
ana cracking. & 
Very sandy soil usually requires a large head of water for each 
furrow, as it is necessary to get the water to the end of the furrow 
quickly in order to prevent loss by deep percolation. The slopes of 
the ground will determine to a great extent the maximum quantity 
which may be used. If steep slopes are encountered the soils will 
wash badly and it the ground is too flat the water will not reach the 
ends of the turrows, but form puddles at the upper ends The 
former situation may be controlled by letting smaller quantities of 




Kiu-rmv irrljrji t ion of sweet potatoes from opon liend ditch 



water into the furrows, or by decreasing their grades by running 
them diagonally across the field. For very flat grades it often is 
necessary to use the portable pipe or hose described on page 21. 

Heavy clay soils usually require small heads of water in each 
furrow and the water must be run a longer time. Such soils usually 
call for less water for an irrigation and also retain water better than 
the sandy type. However, the irrigator must watch each furrow 
very carefully or he will waste water at the lower end. For such soil 
it is especially desirable to have some apparatus that mav be adjusted 
carefully so that the water will be equally divided anion*/ » l art m 
number of furrows. B 

Cultivation is very necessary after each irrigation, unless the plants 
completely shade the ground, and should follow irrigation as soon 
as the condition of the soil will permit. 
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Some irrigators plant in the furrow which has been wetted down 
previously hy irrigation; others plant between furrows that are close 
together, allowing water to run long enough to soak the seed bed 
thoroughly. 

Often furrows 400 to GOO feet long (and sometimes even longer) 
may be used satisfactorily, hut generally shorter lengths are ad- 
visable. If the fur rows are found to be too long it may be necessary 
to run another pipe line or ditch parallel to the head one, about half- 
way down the furrows. In small market gardens the furrows often 
are not over 100 feet long. These short lengths allow smaller quan- 
tities of water to be let into each furrow, and permit close planting. 

Where a combination of spray and furrow systems seems necessary, 
the former should be used to irrigate seed beds or closely planted 




Fni. *J0. — FkMidiny bntwcni burden* with largo hoads of water 



garden truck, and the furrow system for such crops as potatoes, corn, 
rhubarb, celery, and berries, after they have been set out from the 
seed beds. It may be practicable to eliminate the spray system by 
planting the seeds in beds 8 to 10 feet wide which may be irrigated 
from furrows cut between them. The water should be kept in the 
furrows long enough to percolate laterally across the beds. This 
method is practicable on land that is nearly level, and where there is 
a light surface soil underlain with clay. Furrow irrigation of seed 
beds on heavy elaj; soils is very difficult, and requires considerable 
patience and experience. 

When flooding methods are resorted to, it usually is necessary to 
lay out level beds of convenient size and flood with large heads of 
water (fig. 20); or in some cases crops may he flooded by cutting 
the head ditch :it convenient points and letting the water run freely 
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over the land (fig. The former method (which has not been 

considered in the foregoing discussion) is used in irrigating rice and 
cranberries and the latter for grain or meadows. 

COST OF IRRIGATION 

The most important item of expense for irrigation in the humid 
sections is the cost of installation. This may be only a few dollars 
per acre where a gravity flow is developed and water is distributed to 
the held entirely through open ditches. In a number of such cases, 
especially in the South, considerable areas have been watered for 
$10 or less per acre. These systems involve merely short gravity 
ditches leading directly from streams or flowing wells. A more 
expensive plant is necessary where the water supply must be stored. 
Plants utilizing flowing wells that yield only 30 to 40 gallons per 
minute have been used to irrigate 10 to 20 acres, with the assistance 
of a storage reservoir constructed in clay soil. 




Fig. 21. — Flooding alfalfa field from open field ditch 



Irrigation plants involving low pumping lifts and open-ditch dis- 
tribution systems also are comparatively cheap. Such a plant should 
irrigate a 20-acre field adjacent to a stream for $20 to $35 per acre, 
if the pumping lift is, say, 25 feet. If a vitrified-clay pipe distribu- 
tion svstem were used, the irrigation of the same plat probably would 
cost $60 to $90 per acre. If the pumping lift were 40 to 60 feet, and 
the field, say, 1,000 feet from the water supply, the total cost easily 
could be double that given above, although the cost of the distribut- 
ing system should be about the same as for the system with the 
lower lift. For a complete system so situated it would be safe to 
figure a cost of $100 to $150 per acre. If a larger acreage were to be 
watered, the cost would be somewhat less per acre. Where wells 
must be bored and deep-well pumps installed, an irrigation system 
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may cost Si no or more per acre. A deep- well out fit usually i- loo 
costly for furrow irripit inn. unless crop, -od. mid market conditions 
arc wry fa vorable. 

I he following rn>{ tables for pipe.- of various kind- adapted to use 
ill surface irniral ion. together with the pump co>t liejure- shown in 
I able l\ paire 12. and the dison.--ion of enirme cost- on pa<fe 11, 
should cnaUe a prn.-pect i ve irrigator to e-t imatc. at least approxi- 
mately, the cost of a complete irriiration system. The price,- shown 
in Taiile :> arc subject to wide fluct uat ion. 

T\BI.K .*;. ll'jn-n.riniut, cost, pcfinnt t,f h nt/fh. nf pip, ,vh>]>tr,i f tl xurinc,-- 

i/Tit/u I inn xusfriti s 



(\-tst-imn valves for vitrilied clay pipe cost si to sf; each, and 
laying and t reiiehimi should cost from n cent- to 1 • J rents per f ooi , 
for the size- ordinarily used in the Kast ; the higher co>t will he in 
clay -oil. where trenching is expen-ivc. Fi(dd system- for vitrified 
day pipe installed in the humid sections have cost from Si>< » to sen 
per acre. The cheaper system- sometime.-- use portable pipe to earrv 
water to some of the h iirher ridires. 

I he operating eo^t of mo-t f u now- i rriiiat ion plant- in the humid 
sections is not invat. as crops ordinarily need to he irrigated onlv a 
few time.- b> carry them throu-h periods of droii-ht. The intere-t on 
first co-t and the depreciation of the plant mii-i he considered care- 
fully, and often are t he deciding factor-- in . let erm i n i the feasibility 
of a pumpini!- outfit. Yearly intere-t and depreciation of from 10 to 
-° l K>r ''"'union : probably an average of i:» per cent would 

l,n|<1 [ (>1 ' Hirfaeedrriiration plant-'. For example: 1 f a plant 

rost s «/> :m to in-tall, and the operating co-t wa- Slo an acre per 
year, it would he nece-sary to add Sll,^ for intere-t and deprecia- 
tion, making a total yearly cost of s^LlCi, This would mean that the 
crops irrigated -hould yield a net profit of SiM. L >;> per ;h . lv more than 
those raised on the same land without irrigation hid'ore anv profit 
could he accredited to the irrigation plant. Water mav he worth 
many time- tin- amount for -ome crops and much less* for others. 
Local cotidit mus control allowable co-t- of irrigation to such an ex- 
tent that permis-ible limits of construction expense can not be <nven 
here. c 
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INFORMATION NEEDED IN DESIGN OF A PLANT 

The Department of Agriculture receives many loiters asking for 
in formal ton reirardiim- irrigat ion in ca>l( i rn I oca lit ies. Be fore help- 
ful at I vice can I >e iriven in response to such re< jue-ts it is nece<sarv to 
ha ve 1 he following information: 

1 . Acreage to he i rriirated. 

2. Character of the soil. 

o. Source of water supply : estimated quantity available, i I f 
a well, tlit 4 -ize and type of well, distance to water, and. 
probable draw down when pumped.) 

4. Distance from water supply to land to he irrigated. 

5. Difference in elevations bet ween land and water supplv. 
C>. ( Tops to be i narrated. 

7. The ireneral grades of the Land to be watered. 

N. A sketch showing prevailing' grades of the land to be irri- 
gated, locat ion of the water supply, etc. 1 1 will be suffi- 
cient if this indicate approximate contours and directions 
of slope ( by arrow), with fall In inches per 100 feet. 
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